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WEB CRIPPLING OF WIDE DECK SECTIONS 
By Jiti Studnicka, PhD 
ABSTRACT: 
This paper presents the results of an extensive experimen-
tal investigation of web crippling loads for Czechoslova-
kia made multiple web deck sections. One flange loading 
and two flange loading conditions were tested for both end 
and interior reactions. Based on the test data, it can be 
concluded that satisfactory conformity was obtained with 
the Canadian Cold-Formed Steel Standard for interior sup-
port conditions. For end support conditions a slightly mo-
dified formula from CAN3 - S136 - M84 is recommended. 
1. INTRODUCTION 
Cold-formed steel multiple web deck sections are used fre-
quently in building construction. Where these sections are sup-
ported by end or interior bearing plates, or are subjected to a 
concentrated load at some point in the span, failure of the deck 
can occur by web crippling. Bending stress can be also present, 
but for some combinations of loading and deck profiles the ef-
fect of the bending stress is negligible and may not contribute 
significantly to failure. Research reported by Baehre (1) has 
shown that there is no interaction between bending and web cripp-
ling when M ~ Mul t/3 and Hetrakul and Yu (2), Wing and Schuster(3 
and Ratliff( ) also confirmed this opinion. 
The ultimate web crippling load capacity is a function of 
a number of parameters, namely, the web slenderness ratio H , 
the inside bend radius ratio R, the bearing length ratio N, 
the angle of web inclination ~ (Fig. 1) and the yield strength 
of steel Fy ' Load capacity also depends on the distance between 
the bearing edges of adjacent opposite concentrated loads or re-
actions. When this distance m is greater than 1.5 hw one flange 




loading is considered to occur. Two flange loading occurs when 
the clear distance between bearing edges is equal to or less 
than 1.5 h . Finally, sUbstantial difference is between end and 
interior r~action loadings. Canadian (5) and AISI(6) codes are 
identical in definition of end and interior reactions and state 
that "end loading or reaction occurs when the distance from the 
edge of bearing to the end of member is equal to or less than 
1.5 hw. When the distance is greater there is interior reaction". 
Yu(7) specificates the difference between end and interior react-
ion more clearly. According to Yu when uniform loading works on 
beam support areas are always classified as one flange loading 
zones. 
The objective of this study was to determine, by experimen-
tal way, the load resistance of multi-web deck sections subject-
ed to end and interior reaction loading P, as shown in Fig. 2. 
An experimental test program was to provide experimental data so 
that existing methods of computation could be compared and eva-
luated. 
2. TEST PROGRAM 
The test program was designed to encompass the most import-
ant parameter variations that influence the web crippling re-
sistance of multi-web deck sections subjected to end and interior 
reaction loading. Test specimens were obtained from a Czechoslo-
vak manufacturer, VSZ Kosice. The two types of specimens are 
shown in Fig. 3. Spreading of the webs during loading was, for 
some tests, prevented by transverse tie rods which were bolted 
to the bottom flange of profiles, see Fig. 4. 
The specimens were simply supported at the ends and the 
load was applied at the centre, as shown in Fig. 2. Relatively 
large end bearing plates were used for these tests to ensure 
that failure would occur at the interior load position and vice 
versa for end load position. The distance m from the edge of 
the interior bearing plate to the interior edge of the exterior 
bearing plate was changed to obtain the conditions for one flan-
ge and two flange loadings. However, the main changeable dimen-
sion was the bearing width n, see Fig. 1. For tests at end 
support an inclined steel bearing plate was used following the 
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ECCS Recommendations(B). The deck specimens were tested in both 
positions Nand R, see Fig. 4. 
The test load Pt was taken either as the largest load 
the specimen was able to sustain (after which a sudden decrease 
in load was experienced), or as the load which a residual de-
formation of 1.0 mm developed, whichever was lesser. 
3. TEST RESULTS 
3.1 Interior support 
Test results for 40 specimens are given in Table 1. The 
following comments may be made regarding the results: 
(i) test loads are not substantially different for the N 
and R positions of deck 
(ii) test results are almost linearly influenced by bearing 
width n 
(iii) test loads for specimens with ties are greater than 
without ties. 
3.2 End support 
Test results for 76 specimens are given in Table 2. The 
same three comments as for the interior support results can be 
made and a further two can be added: 
(iv) influence of distance m on test results is very 
small 
(v) when distance k is increased, the test load also 
increases. But the influence is not very strong. 
4. COMPARISON OF TEST LOADS AND COMPUTED LOADS 
The AISI Specification(6) and the Canadian code(5) were 
used to compute the ultimate web crippling load Pc,see Table 3. 
Since the method of permissible stress is used in AISI Speci-
fication, multiplying all equations from clause C 3.4 by safety 
factor 1.B5 was necessary. As the Canadian standard is in limit 
state terms, there no corrections were necessary except for the 
missing resistance factor fs. Terms in the AISI Specification 
were converted to SI units. 
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Dimensions from Fig. 3 and measured yield strength 
Fy 260 MPa were used for computation of Pc' 
4.1 Interior support 
Only one flange loading was examined for interior support 
tests. Comparison of test results Pt with ultimate computed 
web crippling loads Pc (using AISI - 1986 Specification and 
Canadian - 1984 Standard) is shown in Table 4 and in Fig. 5 
and 6. The solid line in the figures represents perfect cor-
relation (P t = Pc) ; the dashed lines are ~ 20% limits which 
are acceptable scatter limits for tests of this type, based on 
previous research. One can see that better conformity was 
reached in Fig. 6 in which almost all results are within ~ 20% 
limits over full range of the bearing lengths. However, the 
mean value of Pt/P c of 0.856 with coefficient of variation 
0.106 is somewhat disturbing. A small number of tests makes 
it impossible to draw more firm conclusions. 
4.2 End support 
80th one and two flange loadings were used in these 
tests. Comparison of test results Pt with computed load Pc 
shown that the test results are in reasonably harmony with 
predicted values of web crippling end support load, according 
to both American and Canadian code. However, increasing of 
distance k over boundary value 1.5 hw did not increase the 
test load in such way to be comparative with the computed 
load for interior support. 
Using the test results, a new slightly modified expression 
was developed, following the Canadian Standard. 
P=lO t 2Fy(sin ~)(l-O.l~ )(1-0.lVR)(1-H/500)(1+K/15H) 
(1+0.005N) (1) 
Eq. 1 predicts the web crippling capacity for end reaction for 
both one and two flange loading, if K ~ 3H. The other limita-
tions from CAN3 - S136 are still fully valid. Computed loads 
~ccording to Eq. 1 are given in Table 5. 
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Comparison of eq. I· with test data in Table 6 and in Fig. 7 
shows very good prediction of those expression. This is indica-
ted by the values of the mean (l.OlB) and coefficient of varia-
tion (0.136) of Pt/Pc . 
5. CONCLUSIONS 
Based on the comparisons of the results of 40 interior sup-
port and 76 end support tests with different methods of computa-
tion, the following conclusions were made: 
(i) The Canadian Cold-Formed Steel Specification(5) predicted 
the web crippling capacities reasonably well for interior 
support conditione 
(ii) The use of Eq. 1 resulted in a better prediction of the 
web crippling capacity for end support than any of the 
existing methods. Eq. 1 is equally valid for one flange 
loading and two flange loading. 
(iii) Tests with end support did not confirm the Canadian and 
AISI provision that the increasing of the distance from 
edge of the bearing plate to the end of multi-web deck 
can bring substantial increasing of web crippling capacity. 
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APPENDIX - NOTATION 
hw clear distance between the flats of flanges measured 
in the plane of the web 
k distance between end of deck and end of bearing plate 
m distance between edges of adjacent opposite concentra-
ted loads 
n bearing leng~h 
r inside bend radius 
t web thickness 
Fy tensile yield strength 
H hw/t web slenderness ratio 
K = k/t end distance ratio 
Mult 
N = n/t 
Pc 
Pt 
R = r/t 
ultimate bending moment 
bearing length ratio 
computed load 
test load 
inside bend radius ratio 
angle between plane of web and plane of bearing surface 




Table 1 Test results for interior support. Web crippling 
load Pt in kN 
type of deck VSZ 12 002 VSZ 12 
position N I R N 
distance m [mmJ 100 
N = 10 17.70 16.20 18.23 
17.90 17.98 19.98 
40 20.13 20.83 20.77 
21. 30 21. 95 24.12 
60 22.10 23.10 22.12 
23.12 24.62 24.05 
80 22.11 24.01 26.07 
22.13 24.98 25.17 
100 24.61 25.15 28.11 
24.87 27.16 26.38 
upper value is valid for deck without ties 
















Table 2 Test results for end support. Web crippling load 
Pt in kN. 
type of deck VSZ 12 002 VSZ 12 102 
posi tion N R N R 
distance m [mm] 50 100 
distance k (mm} 20 100 20 100 100 200 100 
N = 10 7.63 8.32 8.01 8.59 9.16 10.24 9.38 
10.64 11. 83 9.01 11.72 10.34 10.37 10.22 
40 11. 36 12.44 13.16 13.61 12.51 13.07 11. 46 
14.11 15.08 12.25 15.00 13.35 14.97 14.36 
60 12.45 14.26 13.14 15.26 14.07 13.58 12.34 
15.67 15.29 15.02 17.23 13.52 14.12 14.91 
80 15.84 19.86 16.92 18.92 14.60 18.41 14.09 
16.98 18.82 22.44 23.40 13.88 17.14 14.74 
distance m [mm] 150 240 
distance k [mm] 20 100 20 100 100 200 100 
N = 40 12.42 15.80 - - 11. 84 12.99 -
60 13.71 16.45 - - 13.33 14.25 -














where there are two values of load, upper value is valid fot deck 
without ties, bottom value is valid for deck with ties 
Table 3 Web crippling load 
type of deck VSZ 12 
loading one flange 
reaction end inter 
N = 10 9.98 20.66 
10.69 21. 38 
40 12.70 24.71 
12.22 24.43 
60 14.52 27.42 
13.24 26.47 
80 16.34 36.88 
14.26 28.50 
100 18.15 42.67 
15.28 30.54 
upper number: AISI value 


















VSZ 12 102 
one flange two flange 
e i e i 
9.37 19.74 6.58 23.04 
9.98 20.70 10.45 19.72 
11. 93 23.61 8.38 23.94 
11. 40 23.66 13.31 25.11 
13.63 26.21 9.58 24.53 
12.63 25.63 15.21 28.69 
15.34 35.25 10.78 25.12 
13.31 27.60 17.11 32.28 
17.05 40.78 11. 98 25.71 
14.26 29.58 19.01 35.87 
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Table 4 Ratio Pt/P c for interior support 
type of deck VSZ 12 002 VSZ 12 102 
loading one flange 
approach AISI CAN AISI CAN 
posi tion N R N R N R N R 
N = 10 0.856 0.784 0.827 0.757 0.923 0.864 0.880 0.824 
0.866 0.870 0.837 0.840 1. 012 1. 042 0.965 0.993 
= 40 0.814 0.842 0.823 0.852 0.879 0.854 0.877 0.852 
0.861 0.888 0.871 0.898 1. 021 0.978 1. 019 0.976 
= 60 0.805 0.842 0.834 0.872 0.843 0.897 0.863 0.918 
0.843 0.897 0.873 0.930 0.917 0.954 0.938 0.976 
= 80 0.599 0.651 0.775 0.842 0.739 0.714 0.944 0.912 
0.600 0.677 0.776 0.876 0.714 0.769 0.911 0.982 
= 100 0.576 0.589 0.805 0.823 0.689 0.669 0.950 0.923 
0.582 0.636 0.814 0.889 0.646 0.668 0.891 0.922 
AISI mean = 0.831 
coefficient of variation 0.115 
CAN mean = 0.856 
coefficient of variation 0.106 
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Table 5 Web crippling load Pc in kN according to Eq. 1 
type of deck VSZ 12 002 VSZ 12 102 
loading both one flange and two flange 
reaction end 
ratio K 20 100 100 200 
N = 10 10.97 12.11 10.81 11. 64 
40 12.55 13.84 12.35 13.30 
60 13.59 15.00 13.39 14.42 
80 14.64 16.16 14.42 15.53 
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Table 6 Ratio Pt/Pc for end support 
type of deck VSZ 12 002 VSZ 12 102 
posi tion N R N R 
loading two flange 
K 20 100 20 100 100 200 100 200 
N = 10 0.695 0.687 0.730 0.709 0.847 0.880 0.868 0.905 
0.970 0.977 0.821 0.968 0.957 0.891 0.945 0.962 
40 0.905 0.899 1. 049 0.983 1.013 0.983 0.928 1. 068 
1.124 1. 089 0.976 1.084 1.081 1.126 1.163 1.138 
60 0.916 0.951 0.967 1.017 1.051 0.942 0.922 0.987 
1.153 1. 019 1.105 1.149 1. 010 0.979 1.114 1.042 
80 1. 082 1. 229 1.156 1.171 1. 012 1.185 0.977 0.999 
1.160 1.165 1. 533 1. 448 0.962 1.104 1.022 1. 006 
loading one flange 
K 20 100 20 100 100 200 100 200 
N = 40 0.989 1.142 - - 0.959 0.977 - -
60 1.008 1. 097 - - 0.996 0.988 - -
80 0.977 1.121 - - 1.025 1.096 - -
mean 1.018 
coefficient of variation 0.136 
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Fig. 1 Cross section of multiple web deck. H = % ' R = t ' N = T 
k n tn m n m 
H I I , t I ~ , I I II 
1:'2.0 ~, I I 0 0 JJIf/;JJJ 7TTTTTT7T 777TTTTTT" 
d.) (1.-\.) 
Fig. 2 Test setup for (i) end reaction, (ii) interior reaction 
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Fig. 3 Tested wide deck sections. VSZ type 12 002 (type 12 102) 
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Fig. 4 End support test. Positions of profile. Tie rods t 
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Fig. 5 Test load Pt vs. computed load Pc' Interior support 
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Fig. 6 Test load Pt vs. computed load Pc. Interior support 




































Fig. 7 Test load Pt vs. computed load Pc. End support 
